Introduction: Chronic kidney disease (CKD) is deined as the presence of renal injury that leads to the slow and progressive loss of kidney function. aim: to compare audiological tests between patients with CKD receiving different types of treatment. Material and method: this was a clinical and experimental study. groups were divided according to treatment: hemodialysis (n = 35), peritoneal dialysis (n = 15), and conservative (n = 51), and were compared to 27 healthy controls. Patients older than 60 years; those with congenital hearing loss, genetic syndromes, and middle-ear infections; and those who had been submitted to a kidney transplant were excluded. audiologic evaluation included pure-tone audiometry, transient evoked otoacoustic emissions, and auditory brainstem response (aBr). the variables considered were gender, age, diagnosis of arterial hypertension, time since the diagnosis of diabetes and hypertension, CKD stage, duration of CKD, and duration of treatment. Results: the variables age, presence of arterial hypertension, and time of CKD were statistically signiicant and controlled. The auditory thresholds measured by pure-tone threshold audiometry were worse for the conservative treatment group, and the iii-V interval of the ABR of the conservative treatment group was signiicantly greater than that of the hemodialysis groups. Conclusion: the conservative treatment group presented worse audiological tests, regardless of hypertension and diabetes, reinforcing that patients need to undergo a complete hearing assessment for better understanding of the disease and its effects on the auditory system.
Introduction
Chronic kidney disease (CKD) is deined as the presence of renal injury that leads to the slow and progressive loss of kidney function. 1 An association between CKD and hearing loss was irst described in patients with alport syndrome. 2 however, anatomical, physiological, pathological, and pharmacological similarities between the nephron and stria vascularis of the cochlea may explain this association in cases that are not related to syndromes or genetic diseases. 3, 4 Sensorineural hearing loss at high frequencies is the most common type in patients with CKD, and includes both cochlear impairment and lesions to particular portions of the auditory pathway. [5] [6] [7] [8] However, the inluence of CKD treatment on auditory function is inconclusive, 8 and hypertension and diabetes mellitus are frequently associated with CKD and hearing loss; these variables were not considered when analyzing these indings.
in the present study, the audiological tests between patients with CKD receiving different types of treatment were compared and associated with hypertension and diabetes mellitus.
Methods

Study population
this was a cross-sectional study conducted in a tertiary referral center. the target population consisted of patients with CKD from the region around the hospital with a non-probabilistic intentional sample. the exclusion criteria were: previous kidney transplant, congenital hearing loss or middle ear alterations, genetic syndromes, history of excessive exposure to noise, history of use of ototoxic medications, and age greater than 60 years. These data were conirmed by the patient's clinical history or medical information.
Patients were divided into groups according to treatment: hemodialysis (n = 35), peritoneal dialysis (n = 15), and conservative (n = 51), as well as 27 healthy subjects.
Audiological assessment
this audiologic evaluation consists of pure-tone audiometry (Pta), transient evoked otoacoustic emissions (tEOaEs) and auditory brainstem response (aBr).
the Pta was performed by an audiologist in a sound-treated room using standard tDh-39 earphones and an interacousticsaD229b audiometer. audiometric thresholds for air-conduction stimuli in both ears were established for frequencies at 250, 500, 1,000, 2,000, 3,000, 4,000, 6,000, and 8,000 hz.
tEOaEs measurements were performed using Otodynamics ilO 288, USB ii system with standard settings. the stimulus level was set to 84 dB SPl a number of 260 averages was used. Values < 3 dB amplitude were considered as negative. 9 For the aBr analysis, the rarefaction click stimulus was presented by the 3 Ω insertion phone, with 90 dBnHL intensity and a presentation rate of 20.1 c/s with a band-pass ilter of 100 and 3,000 hz and average of 2,000 stimuli, using interacoustics EP 15 conductive paste (tem 20 tM ) placed after cleaning the skin with ECg/EEg abrasive gel (nUPrEP). the impedance level was kept between 1 and 3 kΩ for the electrodes; the active electrode was positioned in Fz, the reference electrode in M 1 and M 2 , and the ground electrode in F pz . 10, 11 Variables Potential confounders were considered: gender, age, race, diagnosis of arterial hypertension (yes/no), time since the diagnosis of hypertension, diagnosis of diabetes (yes/no), time since the diagnosis of diabetes, CKD stage (1/2/3/4), duration of CKD, and duration of treatment.
the outcome hearing impairment was determined as as the pure-tone average of audiometric hearing thresholds at 500, 1,000, 2,000 and 4,000 hz > 25 dB; all audiometric hearing thresholds, classiication of negative TEOAEs, and parameters of aBr were analyzed.
Statistical analyses
Statistical analysis was performed using the Statistical Package for Social Sciences (SPSS), release 19.0. nonparametric variables are expressed as the median (minimum-maximum). the chi-squared test was used to examine categorical variables. Comparisons between groups were performed with Dunn's test.
the categorical outcomes (hearing loss and negative tEOaEs) were compared by multivariable logistic regression 
Results
the characteristics of patients, comorbidities, CKD stage, and other data of the disease, stratiied by treatment, were listed in table 1. a statistical difference was observed in arterial hypertension, older patients, and duration of CKD. no differences were observed in the percentage of hearing loss between the various types of treatment (p > 0.05). Corrections for hypertension and age were not necessary in this case, since the types of treatment were homogeneous. however, in other comparisons, this correction was necessary (tables 2 and 3).
the conservative group had worse hearing thresholds when compared to the control group in all frequencies Table 2 Comparison of hearing thresholds at frequencies of 250 hz to 8 khz assessed by pure-tone audiometry in each ear according to group. 
Conclusion
the conservative treatment group presented worse hearing threshold and abnormal aBr, reinforcing that patients undergoing treatment for chronic renal disease need a complete hearing assessment for better understanding of the disease and its effects on the auditory system.
tested. In contrast, no signiicant difference was observed between the other treatments (table 2) .the percentage of negative TEOAEs did not differ signiicantly among the groups (p > 0.05). in the aBr, the conservative group had bilateral symmetric increased iii-V interval compared to the hemodialysis group, with a statistically signiicant difference (Table 3) .
Discussion
the present study was motivated by the inconclusive literature indings regarding the effect of the type of CKD treatment -conservative, peritoneal dialysis, and hemodialysis -on auditory acuity, and by the possible correlations of arterial hypertension and diabetes, 12, 13 which are frequently associated with CKD and hearing loss.
to this end, certain criteria were adopted to reduce the interference of other factors with auditory alterations. Subjects older than 60 years were excluded, since 25% of individuals in this age range show alterations in auditory tests due to age. 8 individuals submitted to previous kidney transplantation were excluded due to the use of immunosuppressive drugs pre-and post-transplantation, which may exert an ototoxic effect. 5, 14 additionally, transplantation is usually the treatment of last resort, and thus patients have been submitted to other treatments, hindering the analysis of their effects.
arterial hypertension and diabetes mellitus are the main causes or consequences of CKD, 1 and therefore were maintained in the study and considered in the data analysis.
Possible changes in hearing assessment have been described by some authors soon after dialysis; these indings could be attributed to the drugs used or to the ionic concentrations of sensory cells. 15, 16 however, most studies did not demonstrate a signiicant effect of a single dialysis session on hearing. [15] [16] [17] [18] For this reason, and because patients are usually tired and stressed after a dialysis session, subjects were not evaluated at this time.
When the type of CKD treatment was considered, the subgroups were found to be similarly affected by hearing loss, as also reported by Mancini et al. 19 and by nikolopoulos et al. 20 However, the results show that audiometry indings of the conservative group were signiicantly worse than those of the control group. the authors believe that the conservative therapy may cause accumulation of toxic substances in the bloodstream, since these substances are not eficiently eliminated by the kidneys or by dialysis, consequently impairing auditory functions. the peritoneal dialysis group was least affected by negative tEOaEs, and the hemodialysis group was the most affected, although the difference was not signiicant, as also reported by Ozturan & lam 15 and by naderpour et al. 21 although hemodialysis may be a more aggressive method regarding the cochlea by possibly causing ionic changes in the cell membrane, 19, 20, 22, 23 this inding was not observed in the present study when using tEOaEs.
in the aBr, the conservative group differed from the hemodialysis group, with an increased iii-V interval, suggesting injury in central portions of the brainstem auditory pathway. 24 
